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DC8510 US PRV 

TITLE 

PROCESS FOR SEALING PLATES IN A FUEL CELL 
FlFI p r>F THF INVENTION 
The present invention relates to a process for sealing coolant plates 
5 in a fuel cell, and in particular to a process for sealing two coolant plates 
together or a coolant plate to a bipolar plate using vibration and res.stance 

welding techniques. 

cmrKnROUNP ™ thf INVENTION 

Polymer electrolyte membrane fuel cells (PEMFC) comprise a 
10 membrane electrode assembly (MEA) disposed between two 

platescommon.yknownasbi-polarp.ates. Within the MEA .,es a pa r of 
fluid distribution layers, common.y referred to as gas d,ffus,on layers (GDL) 
and an ion exchange membrane. At least a portion of either the .on 
exchange membrane or gas diffusion layers is coated wrth noble metal 
15 catalysts. The ion exchange membrane is placed between the GDL and 
compressed to form the MEA. The bi-polar plates provide support to the 
MEA and act as a barrier, preventing mixing of fuel and oxidant wrth.n 
adjacent fuel cells. The bi-polar plates also act as current conecton. The 
bi-polar plates may include flow field channeis that ass.st wrth transport of 
20 liquids and gases within the fuel cell. 

A fuel cell typically functions as a series of connected fuel cells, 
called a fuel cell stack. The fuel cell stack produces a substantial amount 
of heat in addition to producing electricity through the reaction of fuel and 
oxidant. Heat must be removed from the fuel cell stack in order to operate 
25 the fuel cell stack isothermal*. As a result, separator plates that assist 
with the transport of coolant to and from the fuel cell ("coolant plates ) are 
used The coolant plates may include flow field channels, grooves or 
passageways that are used to transport coolant within the fuel cell stack to 
remove excess heat and maintain the fuel cell stack at operatmg 
30 temperature. The coolant plates keep the coolant fluid separated from the 

bi " PO,a An!et cell stack is generally provided with holes, commonly known 
as manifold holes, to transport reactants, products, and coolant to and 
from the fuel cell stack. The bi-polar plates and the coolant plates of the 
35 fuel cell stack are each connected by at least one channel to tiie .nlet and 
outlet manifold holes. Through these channels, the bi-polar plates 
transport reactants and products to and from the GDL of the MEA. and the 
channels of the coolant plates transport coolant. 
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As a result of to transfer of liquids and gas to and from the fuel 

5=S=£££§§= 

plates or GDL using a suitable adhesive as deecnbed in U.8. Patent 

no 6 338 492 B1 and EP 0665984 B1, which are both hereby 
No. 6,338,492 Bi ana t formed . p ^ 

incoroorated by reference. The gasKets may rtr< -ni 

^o. W^ US. Paten, Application No, 20020064703. 
20?100S5708 and 20020068797, which ara hereby mcorporated by 

£££ gaskets in ft. grooves or cbanneis previded on *e bipolar 
^coolant ptates. or GDLs using conventional manufachrnng 

m ^lere, fterefera. raraains a need to provide improved eealsfor bi- 
poiar orcoolan, plates, and a process for making such seafe wh.cn 
reduces the disadvantages associated wift conventronal sealmg 

^"'^disclosures of all patentsVapplicrtions referanoed herein are 
« incorporated herein by reference. 

The present invention provides a process for sealing a ooo art Plafe 
to e»eTan adjacent ooolan, plafe or an adjacent bipolar plate wtftou, 
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using any externa, flasket or sealant. The sealing of the plates is 
acXLed using etther vibration welding or resisuve weld,nfl 

teChnk, Aotrdinfl to one aspeot of the invention there is provided a process 

is a second coolant plate or a bipolar plate of a fuel cell, and the first 
Volant olate and the adjacent plate each comprise a polymer/graph te 

first coolant plate and the adjacent plate. 

^ne embodiment of the invention, welding is ach,eved by 
res JrTwXfl. In another embodiment of the invention, wetdihfl ,s 

"T IC^P^e present invention, mere is provided a fuel 
cet, oomCeTcL^a J coolant plate sealed to an ^aoentplate, 

' plate and fhe adjacent plate each c-P^o^flraphrte 

composition, and wherein said mating reg,on ,s welded to sa,d 

pTe^^Lnts of the present invent can prov^e 

M TZ ^l ^ nT p^oblem of material compatibility dunnfl seahng 
-T tlS issues are eliminated. The sealed plates can 
iL^SS^Sn, pressures and temperatures. The seal Is 

^.rrrbe made immedfcte* after the plate mo,d,ng 



process without handling any adhesive or glue-like materials to form the 
seal on the plates. 

Numerous other objectives, advantages and features of the process 
' will also become apparent to the person skilled in the art upon reading the 
5 detailed description of the preferred embodiments, the examples and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The preferred embodiments of the present invention will be 
described with reference to the accompanying drawings in which like 
10 numerals refer to the same parts in the several views and in which: 
Figure 1a is an exploded perspective view of the membrane 
electrode assembly; 

Figure lb is an exploded perspective view of a typical polymer 
electrolyte membrane fuel cell of the prior art, which shows the use of a 
is sealing gasket to prevent leakage from the coolant plates; 

Figure 2 is a top view of a coolant plate showing flow field channels; 
Figures 3a to 3d arfe schematic drawings of coolant plates and bi- 
polar plates made in accordance with a preferred embodiment of the 
invention; and 

20 Figure 4 is a schematic drawing of a seal created between the 

coolant plates and bi-polar plates of Figure 3a. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiments of the present invention will now be 
described with reference to the accompanying figures. 
25 The present invention provides a process for sealing coolant plates 

without using external sealant materials like silicone rubber, RTV, E-RTV, 
glue etc. 

As shown in Figure 1a, a typical polymer electrolyte membrane fuel 
cell comprises a MEA disposed between two bipolar plates 5. The MEA 
30 includes an ion exchange membrane 10 and two gas diffusion layers 
(GDL) 15. A sealing gasket 17 is adhered between the bi-polar plate 5 
and GDL 15 to prevent leakage of fluids from the central part of the MEA, 
known as the active area (Figure 1b). 

The bipolar plates 5 comprise at least one gas flow field with a 
35 channel and rib to allow gas or liquid to flow to and from the fuel cell. The 
bipolar plates 5 are typically bi-polar in construction and may carry either 
fuel or oxidant on any side of the bi-polar plate 5 depending upon the 
design of the fuel cell or fuel cell stack. 
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Where the fuel cell is part of a PEMFC stack and heat needs to be 
removed from the fuel cell, the fuel cell also includes coolant plates 21 . 
Coolant plates 21 may be introduced at various places within the fuel cell 
depending on the design of the fuel cell stack. Typically, coolant plates 21 
will be located adjacent the bi-polar plates 5 as shown in Figure 1 .b. As 
shown in Figure 2, the coolant plate 21 has flow field channels 23 on either 
one side or both sides of the coolant plate 21 and manifold holes 42. 
These flow field channels 23 allow coolant to flow to and from the fuel cell. 
A sealing gasket 17 is located between the coolant plates 21 and bi-polar 
plates 5 to prevent leakage of coolant (see Figure 1b). 

In a preferred embodiment, the present invention provides a 
process for sealing coolant plates 21 at the periphery and manifold holes 
42 The coolant plate 21 is sealed at its periphery to an adjacent coolant 
plate 21 or to an adjacent bi-polar plate 5. Sealing is facilitated by the 
configuration of the coolant plates 21 and bi-polar plates 5. As shown m 
Figures 3a to 3d, the bi-polar plates 5 and the coolant plates 21 are 
configured with respective mating ribs 25 and grooves 30. The mating nbs 
25 or grooves 30 may be formed on either the bi-polar plate 5 or the 
coolant plate 21 depending on the fuel cell design. The dimensions of the 
mating ribs '25 and grooves 30 also vary according to the fuel cell design. 
The width and height of the mating ribs 25 and grooves 30 are preferably 
from 0.01 mm to 10 mm, and 0.1 mm to 15 mm, respectively, more 
preferably from 1.0 mm to 2.0 mm and 1.1 mm to 1.9 mm respectively. In 
addition, there could be more than one mating rib 25 or groove 30 on each 
5 of the bi-polar plate 5 or coolant plate 21. • 

To create sealing at the periphery of the coolant plate 21, the ribs 
25 of the coolant plate 21 or bi-polar plate 5 are welded to the 
complementary grooves 30 of the adjacent coolant plate 21 or bipolar 
plat* 5 using suitable welding techniques such as resistance welding and 
,o vibration welding. However, techniques like ultrasonic welding laser 
welding, heat lamination, or hot bonding techniques may also be used^ 

With the vibration welding technique, a vibrational welding machine 
is used to create a vibrational force amongst and between the coolant 
plates 21 and bi-polar plates 5 bringing the coolant plates 21 and bipolar 
35 plates 5 together and placing the mating ribs 25 and grooves 30 within 
close proximity of each other. The vibrational force can be applied to both 
the bi-polar plate 5 and coolant plate 21 , or either one of the plates while 
keeping the other plate stationary. 
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As a result of the continued vibrational force on the coolant plates 
21 and bipolar plates 5, the contact area between the mating ribs 25 and 
grooves 30 becomes frictionally engaged, resulting in the production of 
localized heat which melts the polymer composition of the coolant plates 

5 21 and bi-polar plate 5 at the ribs 25 and grooves 30. When the 
vibrational force is reduced or is stopped, localized heat production is 
diminished or eliminated and the coolant plate 21 and bi-polar plate 5 are 
cooled, solidifying the localized molten polymer composition and fusing the 
area between the coolant plate 21 and bi-polar plate 5. Pressure is 

10 preferably applied to the coolant plate 21 and bi-polar plate 5 during 

cooling to fuse the molten polymer composition of the coolant plate 21 and 
bi-polar plate 5 together, creating a permanent seal 40 between the 
coolant plate 21 and bi-polar plate 5 (see Figure 4). The preferred 
pressure applied is between about 10 and about 200 psig. 

15 The ribs 25 and grooves 30 of the bi-polar plates 5 and coolant 

plates 21 are configured so that during vibration of the bi-polar plate 5 and 
cooling plate 21 only the ribs 25 and grooves 30 are in contact leaving a 
gap in the central area (usually the flow field channels) 32 of the bi-polar 
plate 5 and the coolant plate 21 . As shown in Figure 4, this configuration 

20 allows the ribs 25 to melt during vibration, bringing the central portions 
(usually the flow field channels) of the bi-polar plates 5 and cooling plates 
21 in contact with each other to minimize the resistance losses of the fuel 
cell stack. 

The ability of the ribs 25 and grooves 30 to fuse and seal is related 
25 to the amplitude, frequency and timing of the vibrational force applied to 
the bi-polar plate 5 and coolant plate 21. In a preferred embodiment, the 
vibrational welding process spans about 3 to about 100 seconds, at a 
frequency of about 100 to about 500 cycles per second and an amplitude 
of about 0.5 mm to about 5 mm. It will be apparent to a person skilled in 
30 the art that the amplitude, frequency and vibrational timing of the 

vibrational welding process is designed to complement the sealing action 
of the polymers within the ribs 25 and grooves 30 and to create minimum 
contact loss between the bi-polar plates 5 and cooling plates 21 . 

The sealing action created by the vibrational welding process can 
35 be further improved by providing a polymer rich material or pure polymer 
layer 35 to the ribs 25 or grooves 30 of the bi-polar plates or cooling plates 
(Figures 3b and 3c). 
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The bi-polar plates 5 and coolant plates 21 are generally molded 
from a composition comprising graphite fiber, polymer and graphite 
powder. The polymer can be any thermoplastic polymer or any other 
polymer having characteristics similar to a thermoplastic polymer. 
Preferably the polymer is an aromatic polyester resin such as that 
available from E.I. du Pont de Nemours and Company under the 
trademark ZENITE®. The graphite fiber is preferably a pitch-based 
graphite fiber having a fiber length distribution range from 15 to 500 um, a 
fiber diameter of 8 to 15 um, bulk density of 0.3 to 0.5 g/cm 3 and a real 
density of 2.0 to 2.2 g/cm 3 . The graphite powder is preferably a synthetic 
graphite powder with a particle size distribution range of 20 to 1500 um, a 
surface area of 2 to 3 m 2 /g, bulk density of 0.5 to 0.7 g/cm 3 and real 
density of 2.0 to 2.2 g/cm 3 . Further detail regarding the composition of the 
bi-polar plates 5 and cooling plates 21 are described in U.S. Patent 
No. 6,379,795 B1 , which is herein incorporated by reference. 

The bi-polar plate 5 or coolant plate 21 may therefore be polymer 
rich at a localized area 35 (see Figures 3b and 3c). In a preferred 
embodiment, the localized area 35 is 0.002" to 0.100" thick and more 
preferably 0.020" thick. This localized area 35 comprises between about 
25 wt% and about 100 wt% polymer, preferably between about 50 wt% 
and about 100 wt% polymer, and most preferably about 100 wt% polymer. 

The vibrational welding process may also be used to create a seal 
at the periphery of the manifold holes 42 of the coolant plates 21 . While 
the process remains the same as described above, the coolant plates 21 
will be designed in a manner that accommodates the periphery of the 
manifold holes 42. 

Resistive welding may be used to create the seals. The general 
process for resistance welding is set out in U.S. Patent No. 4,673,450 to 
Burke, which is hereby incorporated by reference However, its application 
to fuel cells has not yet been explored. 

With the resistance welding process, an alternating or direct current 
is used to create seals between the ribs 25 and grooves 30 of the bi-polar 
plate 5 and coolant plate 21 . The current is passed between the coolant 
plate 21 and bi-polar plate 5 bringing the bi-polar plate 5 and coolant plate 
21 closer together so that the mating ribs 25 and grooves 30 are in close 
proximity for sealing. Some pressure may also be applied to the coolant 
plate 21 and bi-polar plate 5 at the outset to keep the coolant plate 21 and 
bi-polar plate 5 together. 

7 
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As current flows through the bi-polar plate 5 and coolant plate 21, 
the contact area between the mating ribs 25 and grooves 30 of the bi-polar 
plate 5 and cooling plate 21 experience a relatively higher resistance, 
thereby resulting in the production of localized heat at the ribs 25 and 
5 grooves 30. This localized heat melts the polymer component of the bi- 
polar plate 5 and coolant plate 21 at the ribs 25 and grooves 30. At this 
point, the flow of current is stopped while pressure is applied to the bi- 
polar plate 5 and coolant plate 21 to fuse the melted portion of the bi-polar 
plate 5 and coolant plate 21 together. Localized heat production stops 
10 when the current is withdrawn and the temperature of the bi-polar plate 5 
and coolant plate 21 at the ribs 25 and grooves 30 drops quickly to a 
temperature of about 140°C which is well below the glass transition 
temperature of the polymer (about 220°C). As a result the fused area 
between the bi-polar plate and coolant plate, is solidified creating a 
15 permanent seal 40 (see Figure 4). ■ 

The bi-polar plate 5 and coolant plate 21 can be designed so that 
these plates can be used as electrodes to supply current directly, thereby 
eliminating the need to use separate electrodes to flow current. 

The ribs 25 and grooves 30 of the bi-polar plates 5 and coolant 
20 plates 21 are configured so that during the flow of current through the bi- 
polar plate 5 and coolant plate 21 only the ribs 25 and grooves 30 are in 
contact, leaving a gap in the central area (usually the flow field channels) 
of the bi-polar plate 5 and the coolant plate 21 . This configuration allows 
the ribs 25 to melt during current flow bringing the central portions (usually 
25 the flow field channels) of the bi-polar plates 5 and cooling plates 21 in 
contact with each other to minimize the resistance losses of the fuel cell 
stack. 

The magnitude of the alternating current and applied pressure and 
the duration of the current flow is chosen to complement the sealing action 

30 of the polymer within the ribs 25 and grooves 30 and depends on the 

sealing surface area of the plate. The amperage, voltage, design pressure 
and span of current flow will vary depending on the welding surface area 
and the degree of melting at the ribs 25 and grooves 30. However, in a 
preferred embodiment, the applied current is between about 

35 0.1 amperes/mm 2 and about 3 amperes/mm 2 , preferably between about 
0.8 and about 1 .1 amperes/mm 2 and its voltage is about 5 to about 
25 volts, and the resistance welding process spans about 2 to about 
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. 100 seconds. The applied pressure is preferably between about 50 and 
about 100 psig. 

The resistance welding process may also be used to create seals at 
the periphery of the manifold holes 42 of the coolant plates 21 . While the 
s process remains the same as described above, the coolant plates 21 will 
be designed in a manner that accommodates the periphery of the manifold 
holes 42. 

It will be apparent to one skilled in the art that the seal and process 
for sealing provided by the present invention has many applications. It can 
,o be used to join a bi-polar plate 5 and coolant plate 21 to form a seal 
around the external periphery or around the manifold holes 42 of a the 
coolant plate 21 . The vibration welding and resistance welding processes 
can also be used to form a seal around the periphery and manifold areas 
of the metal plates used for PEMFC stacks. It is also not limited to 
PEMFC fuel cell stacks, but can also be extended to direct methanol fuel 
cells (DMFC) and phosphoric acid fuel cells where heat needs to be 
dissipated using a coolant flow field plate. 

The following examples illustrate the various^ advantages of the 
preferred method of the present invention. 

EXAMPLES 

Fvam ple 1 - Vibra tion Welding: 

The strength of sealing was tested by joining two manufactured 
parts (composite plaques) comprising 25% Zenite®800, 55% 
Thermocarb® graphite powder and 20% graphite fibre. The parts have a 
25 length of 60.9 mm, width of 17.5 mm and a thickness of 3.4 mm. 

The parts were welded together using a Branson Mini II vibrational 
welding machine. The parts were heated to 160 °C and then placed in the 
vibrational welding machine, which had been preset at 1.78 mm amplrtude, 
1 5 mm melt down and 1.0 Mpa pressure. The parts were welded at both 
30 Butt and T positions. The strength of the welded joint was measured and 
tabulated in Table 1. 
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Table 1: Weld Strength Measurements 
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AKhough the present invent.cn has been shown end descnbed with 
attached claims. 
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CLAIMS 

What is claimed is: 

1 . A process for sealing a first coolant plate of a fuel cell with an 
adjacent plate, wherein the first coolant plate comprises at least one 

5 mating region for mating with a complementary region on the adjacent 
plate, wherein the adjacent plate is a second coolant plate or a bipolar 
plate of a fuel cell, and the first coolant plate and the adjacent plate each 
comprise a polymer/graphite composition, wherein said process comprises 
the step of welding said mating region to said complementary region to 

10 create a seal between the first coolant plate and the adjacent plate. 

2. The process of Claim 1 wherein the polymer/graphite 
composition of said first coolant plate and adjacent plate comprise graphite 
fiber, polymer and graphite powder. 

3. The process of Claims 1 or 2 wherein the welding step is 
15 selected from the group consisting of resistance welding, vibrational 

welding, ultrasonic welding, laser welding, heat lamination, and hot 
bonding techniques. 

4. The process of Claim 3 wherein the welding step is resistance 

welding. 

20 5. The process of Claim 4 wherein the resistance welding 

comprises the steps of: 

(a) placing the mating region and complementary region in 
close proximity to each other; 

(b) applying an electrical current between the first coolant 
25 plate and the adjacent plate to produce localized heat at 

the mating region and complementary region sufficient to 
melt the polymer of the first coolant plate and the adjacent 
plate at the mating region and complementary region; and 

(c) ceasing to apply the current and applying pressure to the 
, 30 first coolant plate and the adjacent plate to allow the 

melted polymer to cool and to create a seal at the mating 
region and complementary region. 
6. The process of Claim 5 wherein the electrical current is 
between about 0.1 amperes/mm 2 and about 3 amperes/mm 2 , preferably 
35 between about 0.8 and about 1 .1 amperes/mm 2 , its voltage is between 
about 5 and about 25 volts and the current is applied over about 2 to about 
100 seconds. 

12 
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' 7 The process of Claims 5 or 6 therein the pressure applied is 

current is applied using either external eleotrodes or the plates 
5 th6m T^e precess of any one of Claims 1 to 8 therein the mating 

-rc^crazrrr^^n 

,o Weld '^; The process of aaim 10 wherein the vibration welding 

C ° mPrtMS £ ^ the mating region and complement region in 
close proximity to each other, 
OA appltfng a vibrational force between the first coolant plate 
adjacent plate to produce located heat a. *e 
nig region and complementary reg- sufn*n,,o me 
the polymer of the first coolant plate and the adjacent plate 
at the mating region and complementary region; and 
id ceasing to apply the vibrational force and applying 
W ^2e to M M coolant plate and the adiacen. plate to 
20 allow the melted polymer to cool and to create a seal at 

the mating region and complementary region. 

« The pleas of Claim 11 wherein me vibrational «^' ed 
at . £JL of between about 100 and about 500 cycles per second 
25 Z TZ Z** be^een about 3 and about 100 seconds a, an 

— S T^^^ Oto 1 2 wherein salr I mating 
3 o region comprises a hb and said complementary region compnses a 

T B The process of Claim 14 wherein one of the Are. coolant plate 
an d ttle ad^mXe comprise a polymer rich outer layer on the nb or 

, 5 Te The prooess of Claim 15 wherein toe polymer rich outer layer 

preferably about 100 wt % polymer. 
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17. A fuel cell comprising a first coolant plate and an adjacent plate, 
wherein the first coolant plate is sealed to the adjacent plate using the 
process of any one of Claims 1 to 16. 

18. A fuel cell component comprising a first coolant plate sealed to 
an adjacent plate, wherein the first coolant plate comprises at least one 
mating region for mating with a complementary region on the adjacent 
plate, the adjacent plate is a second coolant plate or a bipolar plate of a 
fuel cell, and the first coolant plate and the adjacent plate each comprise a 
polymer/graphite composition, and wherein said mating region is welded to 
said complementary region to create the seal. 

1 9 . The fuel cell component of Claim 1 8 wherein the 
polymer/graphite composition of said first coolant plate and adjacent plate 
comprise graphite fiber, polymer and graphite powder. 

20. The fuel cell component of Claims 1 8 or 1 9 wherein the mating 
region and complementary region comprise a rib and a groove. 

21 . The fuel cell component of Claim 20 wherein one of the first 
coolant plate and the adjacent plate comprise a polymer rich outer layer on 
the rib or groove. 

22. The fuel cell component of Claim 21 wherein the polymer rich 
outer layer comprises between about 25 wt % and about 100 wt % 
polymer, preferably between about 50 wt % and about 100 wt % polymer, 
and most preferably about 100 wt % polymer. 

23. A fuel cell comprising the fuel cell component of any one of 
Claims 18-22. 

24. A fuel cell stack comprises a plurality of the fuel cells of 
Claims 17 and 23. 
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TITLE 

PROCESS FOR SEALING PLATES IN A FUEL CELL 
ABSTRACT: 

There is provided a process for sealing a coolant plate to an 
5 adjacent bi-polar plate or coolant plate in a fuel cell. The process 

comprises the step of welding a mating region and complementary region 
of the plates together using resistance welding or vibration welding 
processes. 
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